The adult Dutch age-adjusted annual incidence of ICH and OAC-ICH was 34.8 (95% CI, 32.0-37.8) and 8.7 (95% CI, Background and Purpose-The aim of this study was to estimate the annual adult incidence and risk of intracerebral hemorrhage (ICH) and oral anticoagulant-associated ICH (OAC-ICH) in the Netherlands.
A serious complication of oral anticoagulants (OAC) is the occurrence of an OAC-associated intracerebral hemorrhage (OAC-ICH). In the Netherlands, acenocoumarol and phenprocoumon are mainly used, and strict dose-regulation of OAC is performed by a nation-wide network of specialized anticoagulation clinics. Although it is thought that OAC-ICH is low because of strict dose-regulation, recent Dutch data on the adult incidence of OAC-ICH are scarce. The aim of this study is to estimate the annual adult incidence of ICH and OAC-ICH, as well as the risk of OAC-ICH in the Netherlands.
Methods
We retrospectively analyzed all consecutive adult (≥18 years) patients with a brain scan-confirmed nontraumatic ICH, seen in the emergency department, inpatient or outpatient clinic, in 3 hospitals of South-Limburg, the Netherlands, from 2007 to 2009 (Figure) . Patients were selected using diagnosis-treatment codes retrieved from hospital Medical Registration Archives complemented with hospital stroke registries. OAC-ICH was defined as an ICH while on treatment with oral vitamin-K antagonists at admission. Recurrent ICH cases were included. The study was approved by the medical ethical committees of all the 3 hospitals.
The crude annual adult incidence rates of ICH and OAC-ICH were calculated by dividing the number of ICH or OAC-ICH cases by the total adult person-years at risk for ICH. Person-years at risk were defined as the number of adult inhabitants in South-Limburg during 2007 to 2009, resulting in 1 595 800 person-years. 1 We age-adjusted the incidence rates to the Dutch and European population of 2008. 2 For all rates, we calculated the 95% or 1-sided 97.5% Poisson confidence interval (95% CI or 97.5% CI), if applicable.
The absolute risk of OAC-ICH per year of OAC treatment was calculated by dividing the number of OAC-ICH cases by the total patient-years of OAC treatment, which was estimated with data provided in the annual reports of the anticoagulation clinics. See Methods in the online-only Data Supplement for details.
Results
We included 652 ICH cases in 617 patients; 588 (90.2%) patients had a first-ever ICH. Of all ICH cases, 168 (25.8%) were OAC associated and 153 of these (91.1%) were first-ever OAC-ICH. Acenocoumarol was used by 134 (79.8%) patients, phenprocoumon was used by 20 (11.9%), and a combination of OAC with another antithrombotic drug was used by 14 (8.3%). Indications for OAC were atrial fibrillation (77.4%), cardiac valve prosthesis (7.1%), venous thrombosis (6.0%), peripheral artery disease (4.2%), and other indications (5.4%). Table 1 shows clinical characteristics of (OAC-)ICH cases.
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7.3-10.3) per 100 000 person-years, respectively. The crude incidence rates and the age-adjusted rates of the European population of 2008 are presented in Table 2 . For results on first-ever (OAC-)ICH incidence rates, see Table I in the online-only Data Supplement.
Absolute Risk of OAC-ICH
Total patient-years of OAC treatment in the study period was estimated at 36 494. Hence, the absolute risk of OAC-ICH was estimated at 0.46% per patient-year of OAC treatment.
Discussion
We found an adult Dutch age-adjusted annual ICH incidence of 34.8 (95% CI, 32.0-37.8) per 100 000 person-years. Recent data on ICH incidence in the Netherlands are scarce. The Dutch Rotterdam population cohort study showed a crude annual incidence of 80 ICH cases per 100 000 person-years in subjects aged >55 years. 3 This is comparable with our study when selecting subjects aged >55 years (data not shown). The ICH incidence is relatively high in our study when compared with international studies. 4-6 A meta-analysis summarizing all population-based data up to November 2008 showed a crude annual incidence of 24.6 ranging from 1.8 to 129.6 per 100 000 person-years. 6 The heterogeneity between studies is high (eg, regarding hospital versus population-based studies, inclusion criteria, and organization of healthcare). We determined the adult incidence rate, whereas many studies reported life-time incidence. Besides methodological issues, lifestyle and genetic factors could also explain differences in the incidence rates. In our study, a quarter of ICH were OAC related, which is relatively high when compared with previous studies in which the proportion of OAC-ICH ranges from 5% to 27%. 4, 5, [7] [8] [9] [10] Highest proportions are seen in more recent studies, which may reflect the rise in OAC use. 5 Other factors could also be involved in explaining a high proportion of OAC-ICH in our study, such as poor INR monitoring or vulnerability to bleeding.
We estimated the absolute risk of OAC-ICH at 0.46% per patient-year OAC treatment. Although this is an estimation and a prospective study would be needed to determine an 10 However, it must be noted that ICH rates in trials may be lower than in common practice because of patient selection and controlled care.
We have conducted a hospital-based study in a welldemarcated study region with easily accessible hospital care and where patients with stroke are always referred on short notice. Hence, only few patients hospitalized outside the region and patients not seen in a hospital may have been missed. Study limitations include patient selection using diagnosis-treatment codes, which may result in missing incorrectly coded patients. We used stroke registries to limit this possibility. Second, patient-years of OAC treatment were estimated, which may have led to a slight over-or underestimation. Third, acenocoumarol or phenprocoumon were used, whereas warfarin is more common in international literature. However, bleeding risks between OAC types are similar. 11 Finally, South-Limburg has slightly poorer socioeconomic and lifestyle factors, which may negatively affect the representation of our data for the overall Dutch population. 1 Notwithstanding the earlier raised methodological issues, we conclude that the adult annual incidence of ICH and the proportion of OAC-ICH in the Netherlands are relatively high when compared with previous studies, despite a nation-wide network of specialized anticoagulation clinics.
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Methods
Patient selection
We retrospectively analyzed all consecutive adult (≥18 years) patients with a brain scanconfirmed non-traumatic ICH, seen in the emergency department, inpatient or outpatient clinic, in the three hospitals in the region South-Limburg, the Netherlands, from January 2007 until December 2009. Patients were selected using diagnosis-treatment codes retrieved from hospital Medical Registration Archives complemented with hospital stroke registries.
Study region
South-Limburg is a geographically well-demarcated area surrounded by international borders (Figure 1 ). We selected inhabitants from this region using the postal area code of their home address. Our study region comprises 141 postal area codes. Statistics Netherlands provides annual averaged population numbers for designated regions. These numbers account for migration, births and deaths. 
Exclusion criteria
Patients living outside of South-Limburg were excluded. Other exclusion criteria were traumatic intracerebral hemorrhage (ICH) or non-parenchymatous hemorrhage (e.g. subdural, epidural, subarachnoid hemorrhage, intraventricular hemorrhage without visible parenchymatous involvement), ischemic stroke with hemorrhagic transformation of the infarct zone (including hemorrhage after thrombolytic treatment) or hemorrhage associated with a brain tumor or encephalitis. We did not exclude other secondary causes for ICH (e.g. hemorrhage from arteriovenous malformations, cavernomas or thrombocytopenia) since this was not systematically studied in all subjects. Patients with non-accessible charts and/or scans were also excluded from analyses. Patients living in the region, who were hospitalized elsewhere and subsequently transferred to one of the participating hospitals, were included.
Data extraction of (first-ever) oral anticoagulant-associated ICH (OAC-ICH)
We recorded antithrombotic treatment (aspirin, acenocoumarol, phenprocoumon, dipyridamole, clopidogrel, heparins, or combinations) at the time of admission. OAC-ICH was defined as an ICH while on treatment with oral vitamin-K-antagonists. Recurrent ICH cases were included. First-ever (OAC-)ICH was defined as no ICH in the medical history and the first ICH during the study period.
Data analysis
The crude annual adult incidence rates of ICH and OAC-ICH were calculated by dividing the number of ICH or OAC-ICH cases by the total adult person-years at risk for ICH. Personyears at risk were defined as the number of adult inhabitants in South-Limburg during 2007-2009, resulting in 1,595,800 person-years. 1 We age-adjusted the incidence rates to the Dutch and European population of 2008. 2, 3 For all rates we calculated the 95% or one-sided 97.5% Poisson confidence interval (95%-CI), if applicable. The absolute risk of OAC-ICH per year of OAC treatment was calculated by dividing the number of OAC-ICH cases by the total patient-years of OAC treatment. Data on the use of OAC were derived from the medical annual reports of the three anticoagulation clinics in the study region South-Limburg. 4 These three anticoagulation clinics are situated at the three study hospitals and as such cover the study region completely. The annual reports provided the total number of patients using OAC during each year as well as the total number of newly enrolled patients in each year, but contained no exact information on treatment duration. Therefore, we had to estimate the patient-years of OAC treatment. First, we subtracted the number of newly enrolled patients from the total number of treated patients, resulting in the amount of "current users". The "current users" were multiplied by a factor 0.8 to account for the fact that a proportion of the subjects would stop using OAC during the year (e.g. a six-month indication for deep venous thrombosis, side-effects making it necessary to cease OAC therapy or mortality while using OAC). The factor 0.8 was based upon more detailed information from the annual reports of 2010 and 2011, which for the first time report patient-years of OAC treatment. Secondly, we multiplied the number of newly enrolled patients by a factor 0.5, accounting for the fact that newly enrolled patients were treated only part of the year. Thus, the equation could be summarized as: We included 652 ICH cases in 617 patients. The medical history stated an ICH in 29 patients (4.7%) and 35 patients (5.7%) had a recurrent ICH during the study period, resulting in 588 first-ever ICH cases. Five patients with an uncertain history of prior ICH were included as first-ever ICH. Of all first-ever ICH cases, OAC-ICH occurred in 153 cases (26.0%).
Abbreviations: CI, confidence interval; N, number of ICH; ICH, intracerebral hemorrhage; OAC, oral anticoagulant-associated * = crude incidence rates per 100,000 person-years † = one-sided 97.5%-CI ‡ = rate adjusted to the age distribution of the Netherlands (NL) in 2008 § = rate adjusted to the age distribution of the European Union (EU) in 2008
